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(57) ABSTRACT

A channel establishment method and device are provided.
The method includes: establishing a media channel between
a first node and a second node, wherein the first node is the
source node of the media channel, the second node is the
destination node of the media channel, and the media
channel passes the frequency slot matrix of the one or more
intermediate nodes between the first node and the second
node and the optical fiber between any two nodes; and
allocating frequency spectrum to the media channel from the
available frequency spectrum of the optical fiber, wherein
the media channel supports at least one single signal fre-
quency slot. The solution can address the problem of how to
effectively plan and manage frequency spectrum for an
introduced flexible grid technology.
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Establishing a media channel between a first node and a second node

Allocating frequency spectrum to the media channel from the
available frequency spectrum of the optical fiber, wherein the media
channel supports at least one single signal frequency slot

| s104

Fig. 1a

Establishing a media channel between a first node and a second node

Allocating frequency spectrum to the media channel from the
available frequency spectrum of the optical fiber, wherein the media
channel supports at least one single signal frequency slot

| S104

Switching one or more frequency slots on the nodes which the
media channel passes

| S106

Fig. 1b
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Establishing a signal channel between a third node and a fourth node

y

Allocating frequency spectrum to the signal channel from the L 5204
available frequency spectrum of the traffic engineering link

Fig. 2a

Establishing a signal channel between a third node and a fourth node

Allocating frequency spectrum to the signal channel from the L7 8204
available frequency spectrum of the traffic engineering link

Exchanging one or more single signal frequency slots on the nodes L 8206
which the signal channel passes

Fig. 2b
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First establishment
component 501

First allocation
component 502

Fig. 5

Second establishment
component 601

Second allocation
component 602

Fig. 6

First establishment Forming component
component 501 701

First allocation
component 502

Fig. 7
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First establishment
component 501

First configuration
component 801

First allocation
component 502

Fig. 8

Second establishment
component 601

Second configuration
component 901

Second allocation
component 602

Fig. 9
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Optical
Fiber

Frequency slot Frequency slot

Fig. 11

Frequency slot

Single signal Single signal
frequency slot see frequency slot

Single signal
frequency slot

Fig. 12
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CHANNEL ESTABLISHMENT METHOD AND
DEVICE

TECHNICAL FIELD

The disclosure relates to the communication field and
more particularly to a channel establishment method and
device.

BACKGROUND

With the requirement on the bandwidth of a bearer
network becoming higher and higher, a beyond-100G tech-
nology becomes a solution to meeting the requirement for
higher bandwidth. The Wavelength Division Multiplexing
(WDM) of the conventional 50 GHz fixed grid cannot
provide a sufficient spectrum width to realize a beyond-
100G technology, no matter a 400G technology or a 1T
technology.

In view of the defects of the fixed grid, a flexible grid
capable of providing wider bandwidth is needed. In related
technologies, beyond-100G multi-rate hybrid transmission
and the flexibility of the modulation format for beyond-
100G transmission have different requirements on channel
bandwidth. If a proper bandwidth is customized for each
channel, then the bandwidth of a system can be fully used,
thereby generating a flexible grid system.

The requirement for an ultra high-speed WDM system
brought by the demand for higher and higher bandwidth
leads to a demand for a flexible grid technology. However,
how to effectively plan and manage frequency spectrum and
how to realize the compatibility of the introduced flexible
grid technology to existing systems remains to be solved.

No effective solution has been proposed regarding the
problem of how to effectively plan and manage frequency
spectrum for an introduced flexible grid technology existing
in related technologies

SUMMARY

A channel establishment method and device are provided
in the embodiments of the disclosure to at least address the
problem of how to effectively plan and manage frequency
spectrum for an introduced flexible grid technology existing
in related technologies.

In accordance with an embodiment of the disclosure, a
channel establishment method is provided which includes:
establishing a media channel between a first node and a
second node, wherein the first node is a source node of the
media channel, the second node is a destination node of the
media channel, and the media channel passes a frequency
slot matrix of one or more intermediate nodes between the
first node and the second node and an optical fiber between
any two nodes; and allocating frequency spectrum to the
media channel from available frequency spectrum of the
optical fiber, wherein the media channel supports at least one
single signal frequency slot.

The method further includes: establishing a signal channel
between a third node and a fourth node, wherein the third
node is a source node of the signal channel and the fourth
node is a destination node of the signal channel, and the
signal channel passes a frequency slot matrix of one or more
intermediate nodes between the third node and the fourth
node and a traffic engineering link between any two nodes;
and allocating frequency spectrum to the signal channel
from available frequency spectrum of the traffic engineering
link.
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2

The traffic engineering link is formed in the following
manner: the traffic engineering link, which supports at least
one signal channel, and the available frequency spectrum of
which is the same as the frequency spectrum of the media
channel, is formed between the first node and the second
node in an upper-layer signal network which is correspond-
ing to the lower-layer media network where the media
channel exists after the media channel is successfully estab-
lished.

The traffic engineering link is formed in the following
manner: in a case where any two nodes are directly con-
nected with each other merely by an optical fiber, the traffic
engineering link, the available frequency spectrum of which
is the same as available frequency spectrum of the optical
fiber, is formed in an upper-layer signal network which is
corresponding to the lower-layer media network where the
media channel exists.

After the media channel is established between the first
node and the second node, the method further includes:
switching one or more frequency slots on the nodes the
media channel passes.

After the signal channel is established between the third
node and the fourth node, the method further includes:
switching one or more single signal frequency slots on the
nodes the signal channel passes.

The frequency slot is a fixed or flexible grid.

The single signal frequency slot is a fixed or flexible grid.

The available frequency spectrum of the optical fiber is
released to a control plane via a routing protocol in the
lower-layer media network where the media channel exists,
wherein the optical fiber supports at least one frequency slot;
and the available frequency spectrum of the traffic engineer-
ing link is released to a control plane via a routing protocol
in the upper-layer signal network which is corresponding to
the lower-layer media network, wherein the traffic engineer-
ing link supports at least one single signal frequency slot.

The routing protocol includes OSPF-TE and ISIS-TE.

In accordance with another embodiment of the disclosure,
a channel establishment device is provided which includes:
a first establishment component configured to establish a
media channel between a first node and a second node,
wherein the first node is a source node of the media channel,
the second node is a destination node of the media channel,
and the media channel passes a frequency slot matrix of one
or more intermediate nodes between the first node and the
second node and an optical fiber between any two nodes; and
a first allocation component configured to allocate frequency
spectrum to the media channel from available frequency
spectrum of the optical fiber, wherein the media channel
supports at least one single signal frequency slot.

The device further includes: a second establishment com-
ponent configured to establish a signal channel between a
third node and a fourth node, wherein the third node is a
source node of the signal channel and the fourth node is a
destination node of the signal channel, and the signal chan-
nel passes a frequency slot matrix of one or more interme-
diate nodes between the third node and the fourth node and
a traffic engineering link between any two nodes; and a
second allocation component configured to allocate fre-
quency spectrum to the signal channel from available fre-
quency spectrum of the traffic engineering link.

The device further includes: a forming component con-
figured to form, between the first node and the second node,
a traffic engineering link which supports at least one signal
channel and the available frequency spectrum of which is
the same as the frequency spectrum of the media channel in
an upper-layer signal network which is corresponding to the
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lower-layer media network where the media channel exists
after the media channel is successfully established by the
first establishment component.

The device further includes: a first configuration compo-
nent configured to switch one or more frequency slots on the
nodes which the media channel established by the first
establishment component passes.

The device further includes: a second configuration com-
ponent configured to switch one or more single signal
frequency slots on the nodes which the signal channel
established by the second establishment component passes.

The first establishment component is further configured to
release the available frequency spectrum of the optical fiber
to a control plane via a routing protocol in the lower-layer
media network where the media channel exists, wherein the
optical fiber supports at least one frequency slot; and the
second establishment component is further configured to
release the available frequency spectrum of the traffic engi-
neering link to a control plane via a routing protocol in the
upper-layer signal network which is corresponding to the
lower-layer media network, wherein the traffic engineering
link supports at least one single signal frequency slot.

In the embodiments of the disclosure, a media channel
supporting at least one single signal frequency slot is estab-
lished between a first node and a second node and allocated
with frequency spectrum from available frequency spectrum
of'an optical fiber. As a result, the media channel can support
at least one single signal frequency slot, thus providing
hierarchical management and planning from the point of
view of frequency spectrum management. This frequency
spectrum management mode can improve the utilization rate
of frequency spectrum and rationally plan frequency spec-
trum resource to improve the overall frequency spectrum
utilization rate of the network of the operator and effectively
reduce the network management and investment cost of the
operator after a flexible grid technology is introduced into a
beyond-100G system.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings described here are provided
for a better understanding of the disclosure and constitute
one part of the disclosure, and the exemplary embodiments
of the disclosure and description thereof are illustrative of
the disclosure but are not to be construed as limiting the
disclosure. In the accompanying drawings:

FIG. 1a is a flowchart illustrating a first processing flow
of a channel establishment method according to an embodi-
ment of the disclosure;

FIG. 15 is a flowchart illustrating a second processing
flow of a channel establishment method according to an
embodiment of the disclosure;

FIG. 2a is a flowchart illustrating a first signal channel
establishment flow of a channel establishment method fol-
lowing the establishment of a media channel according to an
embodiment of the disclosure;

FIG. 24 is a flowchart illustrating a second signal channel
establishment flow of a channel establishment method fol-
lowing the establishment of a media channel according to an
embodiment of the disclosure;

FIG. 3 is a schematic diagram illustrating the manage-
ment on the frequency spectrum of an optical network using
a hierarchy concept according to an embodiment of the
disclosure, in which the service layer is frequency slot and
the client layer is single signal frequency slot;

FIG. 4 is a schematic diagram illustrating the architecture
of the hierarchical management on the frequency spectrum
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4

of an optical network according to an embodiment of the
disclosure, in which the media layer network is divided into
two layers of network sublayers, that is, a media channel and
a signal channel (that is, an Optical Channel-OCh);

FIG. 5 is a schematic diagram illustrating a first structure
of a channel establishment device according to an embodi-
ment of the disclosure;

FIG. 6 is a schematic diagram illustrating a second
structure of a channel establishment device according to an
embodiment of the disclosure;

FIG. 7 is a schematic diagram illustrating a third structure
of a channel establishment device according to an embodi-
ment of the disclosure;

FIG. 8 is a schematic diagram illustrating a fourth struc-
ture of a channel establishment device according to an
embodiment of the disclosure;

FIG. 9 is a schematic diagram illustrating a fifth structure
of a channel establishment device according to an embodi-
ment of the disclosure;

FIG. 10 is a topological graph illustrating the hierarchical
management on the frequency spectrum of an optical net-
work according to an embodiment of the disclosure;

FIG. 11 is a structural diagram illustrating the manage-
ment on the frequency spectrum resource of an optical fiber
capable of supporting a plurality of frequency slots accord-
ing to an embodiment of the disclosure;

FIG. 12 is a structural diagram illustrating the frequency
spectrum resource management in a frequency slot support-
ing a plurality of single signal frequency slots according to
an embodiment of the disclosure; and

FIG. 13 is a diagram illustrating an embodiment of the
hierarchical management on the frequency spectrum of an
optical network according to an embodiment of the disclo-
sure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The disclosure is described below in detail with reference
to accompanying drawings when read in conjunction with
embodiments. It should be noted that embodiments of the
disclosure and the features thereof can be combined with
each other if no conflict is caused.

It is mentioned in related technologies that the require-
ment for an ultra high-speed WDM system brought by the
demand for higher and higher bandwidth leads to a demand
for a flexible grid technology. However, how to effectively
plan and manage frequency spectrum and how to realize the
compatibility of the introduced flexible grid technology to
existing systems remains to be solved.

To address the technical problems above, a channel estab-
lishment method is provided in an embodiment of the
disclosure. FIG. 1a is a flowchart illustrating a first process-
ing flow of a channel establishment method according to an
embodiment of the disclosure. As shown in FIG. 1a, the
method specifically includes:

Step S102: establishing a media channel between a first
node and a second node;

wherein the first node is the source node of the media
channel, the second node is the destination node of the
media channel, and the media channel passes the frequency
slot matrix of the one or more intermediate nodes between
the first node and the second node and the optical fiber
between any two nodes;



US 9,479,283 B2

5

Step S104: allocating frequency spectrum to the media
channel from the available frequency spectrum of the optical
fiber, wherein the media channel supports at least one single
signal frequency slot.

In the embodiment of the disclosure, a media channel
supporting at least one single signal frequency slot is estab-
lished between a first node and a second node and allocated
with frequency spectrum from available frequency spectrum
of optical fiber. As a result, the media channel can support
at least one single signal frequency slot, thus providing
hierarchical management and planning from the point of
view of frequency spectrum management. This frequency
spectrum management mode can improve the utilization rate
of frequency spectrum and rationally plan frequency spec-
trum resource to improve the overall frequency spectrum
utilization rate of the network of the operator and effectively
reduce the network management and investment cost of the
operator after a flexible grid technology is introduced into a
beyond-100G system.

To guarantee the right-to-know of each node, after the
media channel is established between the first node and the
second node, one or more frequency slots are switched on
the nodes which the media channel passes. In this case, the
channel establishment method shown in FIG. 15 can also be
obtained on the basis of the channel establishment method
shown in FIG. 1a. FIG. 15 is a flow chart illustrating a
second processing flow of a channel establishment method
according to an embodiment of the disclosure. As shown in
FIG. 14, the flow includes the following steps:

Step S102: establishing a media channel between a first
node and a second node;

wherein the first node is the source node of the media
channel, the second node is the destination node of the
media channel, and the media channel passes the frequency
slot matrix of the one or more intermediate nodes between
the first node and the second node and the optical fiber
between any two nodes;

Step S104: allocating frequency spectrum to the media
channel from the available frequency spectrum of the optical
fiber, wherein the media channel supports at least one single
signal frequency slot;

Step S106: switching one or more frequency slots on the
nodes which the media channel passes.

In the embodiment of the disclosure, to provide hieratical
frequency spectrum management in more detail, a signal
channel may be created on the basis of the at least one single
signal frequency slot supported by the media channel after
the media channel is created. FIG. 24 is a flowchart illus-
trating a first signal channel establishment flow of a channel
establishment method following the establishment of a
media channel according to an embodiment of the disclo-
sure. As shown in FIG. 2q, the flow includes the following
steps:

Step S202: establishing a signal channel between a third
node and a fourth node;

wherein the third node is the source node of the signal
channel and the fourth node is the destination node of the
signal channel, and the signal channel passes the frequency
slot matrix of the one or more intermediate nodes between
the third node and the fourth node and the traffic engineering
link between any two nodes;

Step S204: allocating frequency spectrum to the signal
channel from the available frequency spectrum of the traffic
engineering link.

To guarantee the right-to-know of each node, after the
signal channel is established between the third node and the
fourth node, one or more frequency slots are switched on the
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nodes which the signal channel passes. In this case, the
channel establishment method shown in FIG. 25 can also be
obtained on the basis of the channel establishment method
shown in FIG. 2a. FIG. 25 is a flow chart illustrating a
second signal channel establishment flow of a channel
establishment method following the establishment of a
media channel according to an embodiment of the disclo-
sure. As shown in FIG. 25, the flow includes the following
steps:

Step S202: establishing a signal channel between a third
node and a fourth node;

wherein the third node is the source node of the signal
channel and the fourth node is the destination node of the
signal channel, and the signal channel passes the frequency
slot matrix of the one or more intermediate nodes between
the third node and the fourth node and the traffic engineering
link between any two nodes;

Step S204: allocating frequency spectrum to the signal
channel from the available frequency spectrum of the traffic
engineering link;

Step S206: switching one or more single signal frequency
slots on the nodes which the signal channel passes.

A hierarchical frequency spectrum management mode
corresponding to the channel establishment flow of FIG. 1 or
FIG. 2 can be obtained to manage a beyond-100G network
system. For example, an operator expects to establish high-
bandwidth media channels (e.g. 500 GHz) which subse-
quently support a plurality of low-bandwidth signal channels
which directly support an Optical Data Unit (ODU)/Optical
Channel Transport Unit (OTU)/Optical channel (OCh) sig-
nal. By means of such a frequency spectrum management
mode, the operator can establish one high-bandwidth media
channel between two nodes of an optical network based on
a preset frequency spectrum planning, this channel can be
shared by a plurality of signal channels, as a result, there is
no need to manage signal channels in the network where the
media channel exists.

A traffic engineering link is mentioned in both of the Steps
202 and 204, as shown in FIG. 2a and FIG. 25, here, the
traffic engineering link is formed in the following manner:
the traffic engineering link, which supports at least one
signal channel, and the available frequency spectrum of
which is the same as the frequency spectrum of the media
channel, is formed between the first node and the second
node in an upper-layer signal network which is correspond-
ing to the lower-layer media network where the media
channel exists after the media channel is successfully estab-
lished.

In a case where any two nodes are directly connected with
each other merely by an optical fiber, the traffic engineering
link, the available frequency spectrum of which is the same
as available frequency spectrum of the optical fiber, is
directly formed in an upper-layer signal network which is
corresponding to the lower-layer media network where the
media channel exists.

To guarantee the right-to-know of each node, after the
media channel is established between the first node and the
second node, one or more frequency slots are switched on
the nodes the media channel passes. Similarly, after the
signal channel is established between the third node and the
fourth node, one or more single signal frequency slots are
switched on the nodes the signal channel passes.

In any of the example embodiments above, a flexible grid
is introduced to guarantee the management on beyond-100G
bandwidth, thus, the frequency slot supported by the media
channel may be a fixed or flexible grid. Similarly, the single
signal frequency slot supported by the signal channel may be
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a fixed or flexible grid. The type of the grid selected by the
frequency slot and the single signal frequency slot depends
on the actual situation.

After being illustrated theoretically above, the idea of the
embodiments of the disclosure is described below with
reference to drawings. FIG. 3 is a schematic diagram illus-
trating the management on the frequency spectrum of an
optical network using a hierarchy concept according to an
embodiment of the disclosure. FIG. 3 shows the principle of
the embodiments of the disclosure, as shown in FIG. 3, one
optical fiber is capable of supporting a plurality of frequency
slots, the operator may create a plurality of media channels
each of which occupies one frequency slot when passing the
optical fiber. Each frequency slot is a flexible or fixed grid,
and each grid is described with a normal central frequency
(that is, a nominal central frequency) and a frequency
spectrum width consisting of frequency spectrum slices of
the same size. One frequency slot supports a plurality of
single signal frequency slots each of which is described with
a central frequency and a frequency spectrum width con-
sisting of frequency spectrum slices of the same size. Each
single signal frequency slot supports an OCh which may be
realized using a single carrier or a multiple carrier technol-
ogy. In the embodiments of the disclosure, from the per-
spective of frequency spectrum management, the frequency
spectrum of an optical network is managed, planned and
configured using a hierarchical frequency spectrum man-
agement technology.

In the implementation of the disclosure, after the media
channel is established, the available frequency spectrum of
the optical fiber is released to a control plane via a routing
protocol in the lower-layer media network where the media
channel exists, wherein the optical fiber supports at least one
frequency slot. Correspondingly, after the signal channel is
established, the available frequency spectrum of the traffic
engineering link is released to a control plane via a routing
protocol in the upper-layer signal network which is corre-
sponding to the lower-layer media network, wherein the
traffic engineering link supports at least one single signal
frequency slot.

The routing protocol here includes Open Shortest Path
First (OSPF)-Traffic Engineering (OSPF-TE) and Interme-
diate system to Intermediate System (ISIS)-Traffic Engi-
neering (ISIS-TE).

FIG. 4 is a schematic diagram illustrating the architecture
of the hierarchical management on the frequency spectrum
of an optical network after the channel establishment
method provided herein and a corresponding frequency
spectrum management mode are adopted according to an
embodiment of the disclosure. In the hierarchical manage-
ment architecture for the frequency spectrum of an optical
network illustrated in FIG. 4, a media layer network is
divided into two layers of network sublayers, that is, a media
channel and a signal channel (that is, an Optical Channel-
OCh). The media channel is formed by connecting an
Access Point (AP), a Termination Connection Point (TCP),
the subnetwork Channel of a frequency slot, a connection
point and the link channel of a frequency slot in series and
may pass one or more intermediate nodes, the optical fibers
between nodes and the frequency slot matrix of at least one
node. After the media channel is created, one traffic engi-
neering link is formed in an upper-layer signal network; and
the signal channel (that is, the OCh) is formed by connecting
an AP, a Trail Termination (TT), a Termination Connection
Point (TCP), the subnetwork connection of an OCh, a
connection point and an the link connection of an OCh in
series.
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To support any of the example embodiments above, a
channel establishment device is also provided in an embodi-
ment of the disclosure. FIG. 5 is a schematic diagram
illustrating a first structure of a channel establishment device
according to an embodiment of the disclosure. As shown in
FIG. 5, the structure includes:

a first establishment component 501 configured to estab-
lish a media channel between a first node and a second node,
wherein the first node is the source node of the media
channel, the second node is the destination node of the
media channel, and the media channel passes the frequency
slot matrix of the one or more intermediate nodes between
the first node and the second node and the optical fiber
between any two nodes; and

a first allocation component 502 coupled with the first
establishment component 501 and configured to allocate
frequency spectrum to the media channel from the available
frequency spectrum of the optical fiber, wherein the media
channel supports at least one single signal frequency slot.

FIG. 6 is a schematic diagram illustrating a second
structure of a channel establishment device according to an
embodiment of the disclosure. As shown in FIG. 6, in an
example embodiment, the channel establishment device
further includes:

a second establishment component 601 configured to
establish a signal channel between a third node and a fourth
node, wherein the third node is the source node of the signal
channel and the fourth node is the destination node of the
signal channel, and the signal channel passes the frequency
slot matrix of the one or more intermediate nodes between
the third node and the fourth node and the traffic engineering
link between any two nodes; and

a second allocation component 602 coupled with the
second establishment component 601 and configured to
allocate frequency spectrum to the signal channel from the
available frequency spectrum of the traffic engineering link.

Ifthe signal channel is established after the media channel
is established, then the second establishment component 601
is coupled with the first establishment component 501; and
if the signal channel is established independently, then the
second establishment component 601 and the first establish-
ment component 501 are two parallel execution compo-
nents.

FIG. 7 is a schematic diagram illustrating a third structure
of a channel establishment device according to an embodi-
ment of the disclosure. As shown in FIG. 7, in an example
embodiment, the channel establishment device further
includes

a forming component 701 configured to form, between
the first node and the second node, a traffic engineering link
which supports at least one signal channel and the available
frequency spectrum of which is the same as the frequency
spectrum of the media channel in an upper-layer signal
network which is corresponding to the lower-layer media
network where the media channel exists after the media
channel is successtully established by the first establishment
component 501.

FIG. 8 is a schematic diagram illustrating a fourth struc-
ture of a channel establishment device according to an
embodiment of the disclosure. As shown in FIG. 8, in an
example embodiment, the channel establishment device
further includes:

a first configuration component 801 configured to switch
one or more frequency slots on the nodes which the media
channel established by the first establishment component
501 passes.
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FIG. 9 is a schematic diagram illustrating a fifth structure
of a channel establishment device according to an embodi-
ment of the disclosure. As shown in FIG. 9, in an example
embodiment, the channel establishment device further
includes:

a second configuration component 901 configured to
switch one or more single signal frequency slots on the
intermediate nodes which the signal channel established by
the second establishment component 601 passes.

In an example embodiment, the first establishment com-
ponent 501 is further configured to release the available
frequency spectrum of the optical fiber to a control plane via
a routing protocol in the lower-layer media network where
the media channel exists, wherein the optical fiber supports
at least one frequency slot; and the second establishment
component 601 is further configured to release the available
frequency spectrum of the traffic engineering link to a
control plane via a routing protocol in the upper-layer signal
network which is corresponding to the lower-layer media
network, wherein the traffic engineering link supports at
least one single signal frequency slot.

To elaborate the channel establishment method provided
in the embodiments of the disclosure more clearly and more
plainly, the channel establishment method is described
below with reference to specific embodiments.

Embodiment 1

An end-to-end channel establishment method is provided
in the embodiment which specifically includes the following
processing steps.

One media channel which can pass frequency slot
matrixes of a plurality of intermediate nodes and the optical
fiber between nodes is created between two nodes, the
available frequency spectrum of the optical fiber is allocated
for the media channel, and one or more frequency slots are
switched on the intermediate nodes the media channel
passes.

The media channel is capable of supporting more than one
single signal frequency slot. One traffic engineering link is
formed in an upper-layer signal network after the media
channel is created. A plurality of signal channels may pass
the traffic engineering link formed by the media channel in
the upper-layer network.

A signal channel which may pass single signal frequency
slot matrixes of a plurality of intermediate nodes and the
traffic engineering links between a plurality of nodes is
created between two nodes, the available frequency spec-
trum of the traffic engineering links between the plurality of
nodes is allocated for the signal channel, and one or more
single signal frequency slots are switched on the interme-
diate nodes the signal channel passes.

The frequency slot may be a fixed or flexible grid. The
single signal frequency slot may be a fixed or flexible grid.

A traffic engineering link the available frequency spec-
trum of which is the same as the frequency spectrum of the
media channel is formed in an upper-layer signal network
after the media channel is created.

A traffic engineering link may be directly formed in an
upper-layer signal network when two nodes are directly
connected via an optical fiber in a media network layer,
wherein the maximum available frequency spectrum of the
traffic engineering link is equal to maximum available
frequency spectrum of the optical fiber of a lower-layer
media network.

In the media network layer, the available frequency
spectrum supported by the optical fiber is released to a
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control plane via a routing protocol. The optical fiber can
support a plurality of frequency slots.

In a signal network layer, the available frequency spec-
trum supported by the traffic engineering link is released to
a control plane via a routing protocol. The traffic engineering
link can support a plurality of single signal frequency slots.
The routing protocol includes OSPF-TE and ISIS-TE.

Embodiment 2

Combining with specific nodes in a network, an end-to-
end channel establishment method is provided in the
embodiment.

FIG. 10 is a topological graph illustrating the hierarchical
management on the frequency spectrum of an optical net-
work according to an embodiment of the disclosure. As
shown in FIG. 10, in a media network layer, the available
frequency spectrum (e.g. the 1000 GHz available frequency
spectrum shown in FIG. 10) of a frequency slot supported by
an optical fiber is released to a control plane via a routing
protocol. FIG. 11 is a structural diagram illustrating the
management on the frequency spectrum resource of an
optical fiber according to an embodiment of the disclosure.
As shown in FIG. 11, the optical fiber is capable of sup-
porting a plurality of frequency slots.

A media channel which passes frequency slot matrixes of
a plurality of intermediate nodes (e.g. N3) and the optical
fiber between nodes is created between two nodes (e.g. N2
and N4), the available frequency spectrum of the optical
fiber is allocated to the media channel (for example, 500
GHz frequency spectrum is allocated to the media channel),
and one or more frequency slots are switched on the inter-
mediate nodes the media channel passes. The frequency slot
is a fixed or flexible grid.

FIG. 12 is a structural diagram illustrating the frequency
spectrum resource management in a frequency slot accord-
ing to an embodiment of the disclosure. As shown in FIG.
12, the media channel is capable of supporting more than
one single signal frequency slot which may be a fixed or
flexible grid.

A traffic engineering link the available frequency spec-
trum of which is 500 GHz, for example, the Virtual TE link
shown in FIG. 10 between nodes N2 and N4, is formed in
an upper-layer signal network after the media channel is
created. A plurality of signal channels may pass the traffic
engineering link formed by the media channel in the upper-
layer network. The available frequency spectrum of the
traffic engineering link is the same as the frequency spec-
trum of the media channel.

In a signal network layer, the available frequency spec-
trum (that is, 500 GHz) of the single signal frequency slot
supported by the traffic engineering link is released to a
control plane via a routing protocol. The traffic engineering
link can support a plurality of single signal frequency slots.

A traffic engineering link can be directly formed in an
upper-layer signal network when two nodes are directly
connected via an optical fiber in a media network layer,
wherein the available frequency spectrum of the traffic
engineering link is 1000 GHz, equal to the available fre-
quency spectrum of the optical fiber of the lower-layer
media network. As shown in FIG. 10, the optical fiber
between N1 and N2 and the optical fiber between N4 and N5
can directly form two traffic engineering links in a signal
layer network.
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In this way, in the signal layer network, related topologi-
cal information, including a single signal frequency slot
matrix and a traffic engineering link, can be seen by a path
computation element.

After the traffic engineering link is formed, a signal
channel which can pass single signal frequency slot matrixes
of a plurality of intermediate nodes and the traffic engineer-
ing link between nodes is created between two nodes, the
available frequency spectrum of the traffic engineering link
between nodes is allocated to the signal channel, and one or
more single signal frequency slots are switched on the
intermediate nodes the signal channel passes.

Embodiment 3

A method of establishing an end-to-end frequency spec-
trum channel through a management plane or control plane
is provided in the embodiment from the aspects of flow and
examples, the processing flow of the method including the
following steps S1 to S7.

Step S1: a management or control plane obtains the
topology structure of an optical network (including the
nodes in the network and the optical fibers between nodes)
and detailed information of each optical fiber (link), the
information including the available frequency spectrum (in-
cluding available central frequency and the width of the
frequency spectrum) supported by the link.

Step S2: a path computation entity (e.g., a Path Compu-
tation Element (PCE)) of the management or control plane
computes the end-to-end route of a media channel using the
topology information obtained in Step S1 to obtain the route
of an end-to-end media channel.

For example, FIG. 13 is a diagram illustrating an embodi-
ment of the hierarchical management on the frequency
spectrum of an optical network according to an embodiment
of the disclosure. As shown in FIG. 13, the PCE calculates
the route of the media channel which is located between
nodes N2 and N4 and the frequency spectrum of which is
500 GHz, the media channel passing the optical fiber
between nodes N2 and N3 and the optical fiber between
nodes N3 and N4 and the frequency slot matrix of the node
N3.

Step S3: after the route computation is completed, the
nodes and the link the media channel passes and the fre-
quency spectrum needed by the link are determined, an
end-to-end media channel is established through the signal-
ing of the management or control plane, one or more
frequency slots are switched on the intermediate nodes the
end-to-end media channel passes, and the available fre-
quency spectrum of the optical fiber is allocated for the
media channel.

As shown in FIG. 13, a media channel is established
through the signaling of the management or control plane
after the route computation is completed, the 500 GHz
frequency spectrum of the optical fiber is allocated to the
media channel, and one or more frequency slots are switched
on the node N3.

Step S4: the media channel is capable of supporting more
than one single signal frequency slot, for example, a plu-
rality of ODU4/OTU4/OCh signals the frequency spectrum
width of which is 50 GHz. A traffic engineering link is
formed in an upper-layer signal network after the media
channel is created. A plurality of signal channels may pass
the traffic engineering link formed by the media channel in
the upper-layer network. The available frequency spectrum
of the traffic engineering link is the same as the frequency
spectrum of the media channel.
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As shown in FIG. 13, after a 500 GHz media channel is
created between nodes N2 and N4, and a traffic engineering
link is created between nodes N2 and N4 in an upper-layer
signal network, wherein the maximum available frequency
spectrum of the traffic engineering link is 500 GHz. A
plurality of signal channels, for example, a plurality of 100G
signal channels the frequency spectrum of which is 50 GHz,
may pass the traffic engineering link.

Step S5: a traffic engineering link can be directly formed
in an upper-layer signal network when two nodes are
directly connected via an optical fiber in a media network
layer, wherein the available frequency spectrum of the traffic
engineering link is equal to available frequency spectrum of
the optical fiber of a lower-layer media network.

As shown in FIG. 13, two traffic engineering links are
directly formed between the nodes N1 and N2 and between
the nodes N4 and NS5 in the upper-layer signal network when
nodes N1 and N2 and nodes N4 and N5 are both directly
connected via an optical fiber, wherein the available fre-
quency spectrum of the traffic engineering link is 1000 GHz,
equal to available frequency spectrum of the optical fiber.

Step S6: the PCE of the management or control plane
computes an end-to-end signal channel route using the
topology information obtained in Steps S4 and S5 to obtain
the route of an end-to-end signal channel.

As shown in FIG. 13, the PCE computes a signal channel
route between nodes N1 and N5, the signal channel, the rate
of which is 100G and the frequency spectrum of which is 50
GHz, passes the traffic engineering link between nodes N1
and N2, the traffic engineering link between nodes N4 and
N5 and the traffic engineering link between nodes N2 and
N4 and single signal frequency slot matrixes of nodes N2
and N4.

Step S7: after the route is computed, the nodes and the
link the signal channel passes and the frequency spectrum
needed by the link are determined, the end-to-end signal
channel is established through signaling of the management
or control plane, one or more single signal frequency slots
are switched on the one or more intermediate nodes the
end-to-end signal channel passes, and the available fre-
quency spectrum, for example, 50 GHz, of the traffic engi-
neering link is allocated for the signal channel.

As shown in FIG. 13, a signal channel is established
through signaling of the management or control plane after
the route computation is completed and allocated with the 50
GHz frequency spectrum of the traffic engineering links
between nodes N1 and N2, between nodes N2 and N4 and
between nodes N4 and N5, and one or more frequency slots
are switched on the nodes N2 and N4.

INDUSTRIAL APPLICABILITY

The embodiments of the disclosure puts emphasis on
providing a frequency spectrum resource management
method and system to improve the utilization rate of fre-
quency spectrum and rationally plan frequency spectrum
resource after a flexible grid technology is introduced into a
beyond-100G system, thereby improving the overall fre-
quency spectrum utilization rate of the network of the
operator and effectively reducing the network management
and investment cost of the operator.

It can be seen from the description above that the embodi-
ments described herein achieve the following technical
effects.

In the embodiments of the disclosure, a media channel
supporting at least one single signal frequency slot is estab-
lished between a first node and a second node and allocated
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with frequency spectrum from available frequency spectrum
of'an optical fiber. As a result, the media channel can support
at least one single signal frequency slot, thus providing
hierarchical management and planning from the point of
view of frequency spectrum management. This frequency
spectrum management mode can improve the utilization rate
of frequency spectrum and rationally plan frequency spec-
trum resource to improve the overall frequency spectrum
utilization rate of the network of the operator and effectively
reduce the network management and investment cost of the
operator after a flexible grid technology is introduced into a
beyond-100G system.

Apparently, it should be appreciated by those skilled in
the art that each component or step described in the inven-
tion can be realized by a universal computer and that the
components or steps may be integrated on a single computer
or allocated on a network consisting of a plurality of
computers, optionally, the components or steps may be
realized by executable program codes so that the compo-
nents or steps can be stored in a memory to be executed by
a computer, and in some cases, the steps shown or described
herein can be executed in a sequence different from this
presented herein, or the components or steps are formed into
integrated circuit components, or several of the components
or steps are formed into integrated circuit components.
Therefore, the invention is not limited to the combination of
specific hardware and software.

The mentioned above is only example embodiments of
the invention but not limitation to the invention, it should be
appreciated that various modification and variations can be
devised by those of ordinary skill in the art. Any modifica-
tion, substitute or improvement devised without departing
from the scope of the disclosure should fall within the
protection scope as defined by the appended claims of the
disclosure.

What is claimed is:

1. A channel establishment method, comprising:

establishing a media channel between a first node and a
second node, wherein the first node is a source node of
the media channel, the second node is a destination
node of the media channel, and the media channel
passes a frequency slot matrix of one or more interme-
diate nodes between the first node and the second node
and an optical fiber between any two nodes;

allocating frequency spectrum to the media channel from
available frequency spectrum of the optical fiber,
wherein the media channel supports at least one single
signal frequency slot;

establishing a signal channel between a third node and a
fourth node, wherein the third node is a source node of
the signal channel and the fourth node is a destination
node of the signal channel, and the signal channel
passes a frequency slot matrix of one or more interme-
diate nodes between the third node and the fourth node
and a traffic engineering link between any two nodes;
and

allocating frequency spectrum to the signal channel from
available frequency spectrum of the traffic engineering
link;

wherein the traffic engineering link is formed in the
following manner:

after the media channel is successfully established, the
traffic engineering link, which supports at least one
signal channel, and the available frequency spectrum of
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which is the same as the frequency spectrum of the
media channel, is formed between the first node and the
second node in an upper-layer signal network which is
corresponding to a lower-layer media network where
the media channel exists.

2. The method according to claim 1, wherein the traffic
engineering link is formed in the following manner:

in a case where any two nodes are directly connected with
each other merely by an optical fiber, one traffic engi-
neering link, the available frequency spectrum of which
is the same as available frequency spectrum of the
optical fiber, is formed in an upper-layer signal network
which is corresponding to a lower-layer media network
where the media channel exists.

3. The method according to claim 1, wherein after the
media channel is established between the first node and the
second node, the method further comprises: switching one
or more frequency slots on the nodes the media channel
passes.

4. The method according to claim 1, wherein after the
signal channel is established between the third node and the
fourth node, the method further comprises: switching one or
more single signal frequency slots on the nodes the signal
channel passes.

5. The method according to claim 1, wherein the fre-
quency slot is a fixed or flexible grid.

6. The method according to claim 1, wherein the single
signal frequency slot is a fixed or flexible grid.

7. The method according to claim 1, wherein

the available frequency spectrum of the optical fiber is
released to a control plane via a routing protocol in the
lower-layer media network where the media channel
exists, wherein the optical fiber supports at least one
frequency slot; and

the available frequency spectrum of the traffic engineering
link is released to a control plane via a routing protocol
in the upper-layer signal network which is correspond-
ing to the lower-layer media network, wherein the
traffic engineering link supports at least one single
signal frequency slot.

8. The method according to claim 7, wherein the routing
protocol includes Open Shortest Path First-Traffic Engineer-
ing (OSPF-TE) and ISIS-TE (Intermediate System to Inter-
mediate System-Traffic Engineering).

9. A channel establishment device, comprising:

a first establishment component configured to establish a
media channel between a first node and a second node,
wherein the first node is a source node of the media
channel, the second node is a destination node of the
media channel, and the media channel passes a fre-
quency slot matrix of one or more intermediate nodes
between the first node and the second node and an
optical fiber between any two nodes;

a first allocation component configured to allocate fre-
quency spectrum to the media channel from available
frequency spectrum of the optical fiber, wherein the
media channel supports at least one single signal fre-
quency slot;

a second establishment component configured to establish
a signal channel between a third node and a fourth
node, wherein the third node is a source node of the
signal channel and the fourth node is a destination node
of the signal channel, and the signal channel passes a
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frequency slot matrix of one or more intermediate
nodes between the third node and the fourth node and
a traffic engineering link between any two nodes;

a second allocation component configured to allocate
frequency spectrum to the signal channel from avail-
able frequency spectrum of the traffic engineering link;
and

a forming component configured to form, between the
first node and the second node, a traffic engineering link
which supports at least one signal channel and the
available frequency spectrum of which is the same as
the frequency spectrum of the media channel in an
upper-layer signal network which is corresponding to a
lower-layer media network where the media channel
exists, after the media channel is successfully estab-
lished by the first establishment component.

10. The device according to claim 9, further comprising:

a first configuration component configured to switch one
or more frequency slots on the nodes which the media
channel established by the first establishment compo-
nent passes.
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11. The device according to claim 9, further comprising:

a second configuration component configured to switch
one or more single signal frequency slots on the nodes
which the signal channel established by the second
establishment component passes.

12. The device according to claim 9, wherein

the first establishment component is further configured to
release the available frequency spectrum of the optical
fiber to a control plane via a routing protocol in a
lower-layer media network where the media channel
exists, wherein the optical fiber supports at least one
frequency slot; and

the second establishment component is further configured
to release the available frequency spectrum of the
traffic engineering link to a control plane via a routing
protocol in an upper-layer signal network which is
corresponding to the lower-layer media network,
wherein the traffic engineering link supports at least
one single signal frequency slot.
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